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Abstract
Consider the emergency decision-making problems, we proposed a new similarity measures based on the extension of the Dice, 
and cosine similarity measures, which satisfy some properties in Ref. [11]. Then, we apply the variation coefficient similarity to 
the emergency group decision-making problems. Through the weighted similarity measures between each alternative and the 
ideal alternative, the ranking order of all the alternatives can be determined and the best one(s) can be easily identified as well. 
Finally, we give a practical example to evaluate the emergency management capability of major snow disaster in Hunan province
of China. For comparison, the decision results of different similarity measures are also given, which show that our method have 
better similarity identification and the proposed method is applicable.
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of Desheng Dash Wu
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1. Introduction
Unconventional emergency events, such as earthquake and hurricanes, often lead to unexpected catastrophic 
consequences. When such devastating incident occur, emergency planning and management play a crucial role in 
reduction and mitigation of their effects [1-2]. As the increasing complexity of the emergency decision-making 
environment, in the process of decision making, it is less and less possible for single decision maker to consider all
relevant aspects of a problem. Kim et al [3] firstly proposed an interactive procedure for multiple criteria group 
decision making with incomplete bill information. Furthermore, Xu [4] proposed a deviation-based approach to 
multiple attribute group decision making (MAGDM) with intuitionistic fuzzy information.
However, the similarity measure is one of the most important tools for the degree of similarity between objects. 
Functions expressing the degree of similarity of items or sets are used in physical anthropology, numerical taxonomy, 
ecology, information retrieval, psychology, citation analysis, and automatic classification [5]. In fact, the degree of 
similarity or dissimilarity between the objects under study plays a role. In the muliti-criteria group decision-making 
environment, various term-term similarity measures based on the collocation have been suggested to select the 
additional search terms. The Jaccard, Dice, and cosine similarity measures (Dice [5]; Salton and McGill [6]; Wang 
[7]; Kima and Choi [8]; Liu [9]) are often used for this purpose. Ye [10] proposed a muliti-criteria decision-making 
group method using vector similarity measure for trapezoidal fuzzy numbers, he extended the Jaccard, Dice, and
cosine similarity measures. Through the weighted similarity measures between each alternative and the ideal 
alternative, the ranking order of all alternatives can be determined and the best one(s) can be easily identified as well. 
In Ref. [11], Ye introduced cosine similarity measures for intuitionistic fuzz sets and applied it into pattern 
recognition and medical diagnosis. It showed that the cosine similarity measure is effective.
This paper is organized as follows: In Section 2, we propose variation coefficient similarity measures and prove 
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some properties of the variation coefficient similarity measures. In Section 3, we compare different similarity 
measures. The application in emergency management and the method of ranking the alternatives are introduced in 
Section 4. The paper ends with conclusions in Section 5.
2. Vector similarity measures
There are a lot of similarity measures, in this section, we introduce three important vector similarity measures.
Let 1 2( , ,..., )nX x x x and 1 2( , ,..., )nY y y y be two vectors of length n, where all the coordinates are positive.
Definition 1 (Jaccard, 1901) The Jaccard index of these two vectors (measuring the "similarity" of these 
vectors) is defined as:
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Definition 2 (Dice, 1945) The Dice similarity measure is defined as follows:
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Definition 3 (Salton and McGill, 1987) They defined the cosine of the angle between the vectors, the cosine 
measure is defined as:
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These three formulas are similar in the sense that they take values in the interval [0, 1], but there are some 
defects in the above three definitions. Jaccard and Dice formulas are undefined if 0i ix y  holds for all 
the i ( 1, 2,..., )i n , and the cosine formula is undefined if 0ix  or 0iy  holds for all the i ( 1, 2,..., )i n .
According the defects of these three similarity measures, we defined a new similarity measure in the Definition 
4.
Definition 4 (Variation coefficient similarity measure) Let 1 2( , ,..., )nX x x x and 1 2( , ,..., )nY y y y be two 
vectors of length n, the variation coefficient similarity measure is defined as:
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We need to prove the variation coefficient similarity measure between vector X and vector Y satisfies the 
following properties, as in theorem 2.1.
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Theorem 1 Let 1 2( , ,..., )nX x x x and 1 2( , ,..., )nY y y y be two vectors of length n, the variation coefficient 
similarity satisfies the following properties:
(P1) 0 ( , ) 1;V X Yd d                                                                      (5)
(P2) ( , ) ( , );V X Y V Y X                                                                    (6)
(P3) ( , ) 1, if  X=Y, i.e.x =y , for i=1,2,...,n.i iV X Y                                                 (7) 
Proof. (P1) It is obviously ( , ) 0V X Y t , thus, we only need to prove ( , ) 1V X Y d .
By using
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Taking (8) into (5), we get
( , ) (1 ) 1.V X Y D Dd                                                                     (9)
(P2) It is obvious that the equation
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(P3) When X=Y, i.e., i ix y for i=1, 2,..., n .
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Therefore, we have finished the proofs.     
3. Comparisons of different similarity measures
In this section, we compare the four similarity measures in the section 2, the 18 vectors are listed in table 1, the 
ideal preference vector a= [0.8542, 0.3460, 0.7000, 0.789, 0.1234, 0.6534].
Let 0.1, 0.5, 0.75D D D   and 0.9D  , we calculate the similarity between Vi (for 1,2,...,18i  ) and a. 
We present the numerical results to illustrate the effects of the variation coefficient similarity measures in Figs. 
(1-3).
In Fig.1, let 0.1D  and 0.5D  , we compare the curve of three similarity measures: the Jcaard similarity 
(J-similarity), the Dice similarity (D-similarity), and the variation coefficient similarity (V-similarity). It's easy to see 
that the V-similarity is better than the other two similarity measures.
Table 1. The preference vector of group member
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GM A1     A2     A3      A4     A5    A6 GM    A1     A2     A3      A4    A5     A6
V1 0.8452 0.9037 1.0000 1.0000 0.8003 0.9316 V10 0.9786 0.7769 0.8008 0.7156 0.5039 0.4552
V2 0.4410 0.6640 0.4722 0.6227 0.5933 0.6010 V11 0.3351 0.2397 0.2104 0.2844 0.2282 0.2720
V3 0.8613 0.7228 0.7569 0.3666 0.7118 0.9731 V12 0.1273 0.6164 0.4122 0.3690 0.1098 0.4389
V4 1.0000 0.0000 0.3151 0.1609 0.5933 0.0432 V13 0.0000 0.2996 0.3252 0.4216 0.1683 0.2370
V5 0.6810 0.9374 0.6152 0.8043 0.7031 1.0000 V14 0.4397 0.4730 0.3241 0.3034 0.4352 0.6344
V6 0.1113 1.0000 0.0000 0.1963 0.3100 0.5725 V15 0.5536 0.6292 0.6152 0.6836 0.7534 0.8070$
V7 0.6206 0.7769 0.4711 0.5180 0.3172 0.4194 V16 0.3338 0.0813 0.4122 0.1254 0.1098 0.6344
V8 0.9055 0.9256 0.6170 0.8522 1.0000 0.7818 V17 0.8311 0.8716 0.4711 0.6387 0.5933 0.6360
V9 1.0000 0.8582 0.7363 0.8865 0.5421 0.8721 V18 0.3847 0.8716 0.3316 0.3034 0.4352 0.6344
            a ( 0.1D  )                               b( 0.5D  )
Figure 1: The curve of three similarity measures: J-s, E-s, and V-s
Fig2 The curve of V-s and C-s similarity measures, when 0.75D  . Fig3: The curve of four similarity measures, when 0.9D  
Fig.2 shows the influence of coefficient 0.75D  on the curve of variation coefficient similarity measures and 
cosine similarity measure. In Fig.3, we also compare the four similarity measures. The cosine similarity measure is 
better than the other three similarity measures, but it has some defects in emergency group decision-making, we will 
show in next section. Make a comparison between Fig.1, Fig.2, and Fig.3, we can see that, with the coefficient 
D varying, the numerical results of our method are better than J-similarity and D-similarity, which also be shown 
effective in next section.
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4. Application in emergency decision-making
In this section, we use the case in Ref [12], which to evaluate emergency management capability in Hunan 
Province. We invite six experts to evaluate the emergency management capability of major snow disaster in 
Changsha city, Zhuzhou city and Xiangtan city, taking into account 59 criterions. By aggregating, we get six first 
grade indexes: (1) A1 is the emergency capability of government; (2) A2 means the capability of pre-alarming 
monitoring in meteorological department; (3) A3 presents the emergency capability of citizen; (4) A4 is the 
emergency capability of electrolysis department; (5) A5 express the emergency capability of traffic department; (6) 
A6 is emergency capability of the other departments.
The decision procedure for the proposed method can be summarized as follows:
Step 1. We normalize the preference vector of three cities in Ref.[12], by using the following equation:
,
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we get the preference vector of three cities: Changsha city (V1-V6), Zhuzhou city(V7-V12) and Xiangtan city 
(V13-V18), as lasted in Table 1.
Step 2. From the six experts, the ideal preference vector is a= [0.8542, 0.346, 0.7, 0.789, 0.1234, 0.6534]. Let
0.75D  , using Eq. (4), we obtain the similarities of Vi (for 1,2,...,18i  ) and the ideal preference vector.
Step 3. With the similarities of Vi (for 1,2,...,18i  ) and the ideal preference vector, the decision matrix of our 
method ( )ij n nD d u and the weight value are given as follows:
0.7671 0.8682 0.9283 0.9193
0.7671 0.8682 0.8728 0.8721
0.7661 0.8675 0.8812 0.8791
,
0.5051 0.6712 0.6911 0.6881
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W= (0.162, 0.198, 0.201, 0.157, 0.174, 0.108). Calculate the weighted similarity (Ws), we get
Ws=WD,                                                                            (13)
Step 4. Using Eq. (13), we obtain the decision numerical results of four similarity measures, as shown in Table 
2. From Table 2, we can easily see the order of three cities is Zhuzhou, Changsha, and Xiangtan from our method.
Table 2. The numerical results of four similarity measures, when 0.75D  
WJ-s WE-s WC-s WV-s
Cs 0.6801 0.7990 0.8215 0.8046
Zz 0.7279 0.8349 0.9091 0.8535
Xt 0.6579 0.7851 0.8530 0.8021
Ranking Z>C>X Z>C>X Z>X>C Z>C>X
For comparison, we also give the other three similarities for different coefficient 0.25D  , as shown in Table 3.
Table 3. The numerical results of four similarity measures, when 0.25D  
WJ-s WE-s WC-s WV-s
Cs 0.6801 0.7990 0.8215 0.8360
Zz 0.7279 0.8349 0.9091 0.8905
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Xt 0.6579 0.7851 0.8530 0.8159
Ranking Z>C>X Z>C>X Z>X>C Z>C>X
From Table 2 and Table 3, we can see that the ranking orders for three weighted similarity measures WJ-s, 
WE-s and WV-S, and the most desirable alternative is Zhuzhou, but the most desirable alternative of the weighted 
similarity measure WC-s is Changsha. The decision results of different similarity measures demonstrate that the 
variation coefficient similarity measure is better than J-s measure and E-s measure (in Fig.1), while its application in 
emergency decision-making problem is effective.
5. Conclusion
In this paper, we propose a variation coefficient similarity measure and prove some properties of it. Then, we 
make comparison between variation coefficient similarity measure and the existing similarity measures, the Figs. 
(1-3) show our method have better numerical results. The four weighted similarity measures are utilized for the 
emergency group decision-making problems. Finally, a practical example of the emergency capability evaluation is 
given to select the emergency capability of three cities in Hunan Province of China. The decision numerical results 
of different similarity measures demonstrate that the ranking order of all the alternatives can be determined and the 
best one(s) can be easily identified as well. From Table 2 and Table3, they show that the proposed methods in this 
paper are applicable and effective.
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